Background: Representative and reliable data on health and health determinants of the population and population sub-groups are needed for evidence-informed policy making; planning and evaluation of prevention programmes; and research. Health examination surveys (HESs) including questionnaires, objective health measurements and analysis of biological samples, provide information on many health indicators that are available not at all or less reliably or completely through administrative registers or health interview surveys. Methods: Standardized cross-sectional HESs were already conducted in the 1980's and 1990's, in the framework of the WHO MONICA Project. The methodology was developed and finally, in 2010-2012, a European Health Examination Survey (EHES) Pilot Project was conducted. During this pilot phase, an EHES Coordinating Centre (EHES CC, formerly EHES Reference Centre) was established. Standardized protocols, guidelines and quality control procedures were prepared and tested in 12 countries which conducted pilot surveys, demonstrating the feasibility of standardized HES data collection in the European Union (EU). Currently, the EHES CC operates at the National Institute for Health and Welfare (THL), Finland. Its activities include maintaining and developing the standardized protocols, guidelines and training programme; maintaining the EHES network; providing professional support for countries planning and organizing their national HESs; external quality assessment for surveys organized in the EU Member States; and development of a centralized database and joint reporting system for HES data.
Background
Information about health and health determinants at the population level is needed for evidence-informed policy making, planning and evaluation of prevention programmes, and research. Some population level information for the European Core Health Indicators [1, 2] , such as mortality, can be obtained from administrative registers but some information has to be collected through health surveys. Health surveys can be classified into health interview surveys (HIS) and health examinations surveys (HES). In HIS, all data is based on self-report and collected through questionnaires, either self-administered or interview-based. In the EU, the European Health Interview Survey (EHIS) is based on EU Regulation [3] and is coordinated by Eurostat.
HESs also always include components from a health interview survey but key data collection is done through objective health measurements and/or analysis of collected biological samples. There is no Regulation about HES in the EU, but many countries have considered HESs to be an important part of their health monitoring system. The European Health Examination Survey (EHES) is an initiative, established in 2009, to set up a system of standardized, representative HES in the European countries.
The Feasibility of a European Health Examination Survey project was conducted in 2006-2008 to assess the importance of national HESs and the importance and feasibility of their joint standardization [4, 5] . It was followed by the EHES Pilot Project in 2009-2012, which prepared survey guidelines and conducted pilot surveys in 12 countries [6, 7] . After the EHES Pilot Project, the joint standardization of national HESs and some of the activities of the EHES Coordinating Centre (EHES CC) continued as a part of EUs BRidging Information and Data Generation for Evidence-based Health policy and research (BRIDGE Health) project in 2015-2017 [8] . Under the framework of the BRIDGE Health project, the EHES network has been updated; the EHES website has been updated and maintained, and the EHES Manuals together with the related training material have been updated. E-mail consultations for countries planning and organizing their national HES have been provided and some external quality control measures such as site visits and laboratory quality assessment have been conducted.
This article describes the current status of national HESs in EU Member States and how they have been used to enhance public health and health research in countries. Since not all EU Member States have conducted a national HES, key European level actions needed to enhance planning and preparation of standardized national HESs in all the EU Member States are outlined.
Methods
The information presented in this paper has been collected from the EHES Network members [9] through questionnaires and e-mail correspondence. EHES Network is asked annually to provide updated information about ongoing and planned national HESs in their country. In April 2017, a short questionnaire about supporting actions offered by the EHES CC was sent to the EHES Network [10] . The aim was to find out how useful the national HES organizers considered proposed actions when they are planning and organizing their national HES. Replies were received from 17 persons (41% of recipients of the request). Information about uses of HES data was collected through e-mail correspondence in May-June 2017. Direct contact with the organizers of national HESs was made to learn how collected data have been used in their countries. Some of the information has also been obtained in the face-to-face discussions organized during the site visits by EHES CC members to ongoing national HESs.
Results

National HESs in Europe
In Europe, the first national HESs were conducted as early as the late 1950s and early 1960s. These were focused mainly on cardiovascular disease risk factors such as hypertension, blood lipids, smoking and obesity. From the 1970s to the 1990s, there was a steady increase in the number of countries conducting national HESs. Since 2000, there has been a fast increase in new countries conducting a national HES (Fig. 1) . At the same time, more measurements and questionnaire modules such as functional capacity, mental health, physical activity and dietary habits have been included in the surveys to provide better information for national health policies [11] .
In the past 11 years (2007-2017), national HESs were conducted in 14 countries (Fig. 1) , for example FinHealth in Finland, ESTEBAN in France, EHES-LUX and ORISCAV-LUX 1&2 in Luxembourg, INSEF in Portugal, and the Health Survey for England. A detailed list of these surveys is available at the EHES web site (http:// www.ehes.info/national/national_hes_status.htm). Most of them followed standardized EHES protocols, ensuring comparability of the core measurements (common key measurements included in every national HES).
Several countries are planning to conduct either their first national HES (e.g. Belgium) or a repeated national HES in 2018-2022 (Czech Republic, Finland, Germany, Portugal and UK/England). Some of these future HESs are planned to be conducted in connection with the European Health Interview Survey (EHIS) which is mandatory in each EU Member State. The third wave of EHIS will take place in 2019.
Supporting activities of the EHES coordination
With funding from the EU/DG SANTÉ, the EHES Coordinating Centre (formerly called the EHES Reference Centre) was established in 2009 for the EHES Pilot Project and organized jointly by the National Institute for Health and Welfare (THL), Finland (leader); Statistics Norway, Norway; and the Instituto Superiore di Sanitá, Italy. After the EHES Pilot Project ended in 2012, the EHES Coordinating Centre activities were continued on a small scale by THL without external funding until 2015 when some funding was received through the BRIDGE Health Project (2015) (2016) (2017) .
The purpose of the EHES Coordinating Centre is to support countries in planning and organizing their national HES and ensuring that results obtained from these surveys are comparable with other similar surveys conducted in the EU Member States. This includes: development and maintaining of standardized measurement and data collection protocols; guidelines for sampling and for preparing the fieldwork, including training programme for survey organizers and fieldwork staff; providing professional support for countries planning and organizing their national HESs; external quality assessment for surveys organized in EU Member States; and development of a centralized database and joint reporting system for HES data.
Guidelines and standardized protocols
Guidelines for organizing national HESs have been developed and published as the EHES Manual, Part A. Planning and preparation of the survey [12] . It includes guidelines for sampling; legal and ethical issues; selection of questionnaire modules; physical measurements and collected biological samples; data management; recruitment of participants; and preparing the survey budget.
Standardized protocols for core physical measurements and collection of biological samples for measuring cardiovascular disease risk factors have been available since the 1960's through Cardiovascular Survey Methods by Rose [13] . These were further developed by the WHO MONICA Project [14] , European Health Risk Monitoring Project (EHRM) [15] , the European Cardiovascular Surveillance set (EUROCISS) [16] and Feasibility of a European Health Examination Survey (FEHES) Project [4] . The latest European level protocols are available in the EHES Manual, Part B. Fieldwork procedures [17] for selected core measurements. The manual covers anthropometric measurements, blood pressure, and blood samples for lipids and glucose. These core measurements provide information about key risk factors for major non-communicable diseases.
A much wider range of physical measurements have been included in several national HESs. [11] These measurements include for example lung function tests, bioimpedance, measurements for cognitive and physical functioning, and extensive dietary interview/questionnaire module. Protocols for urine samples and two core measurements for functional capacity (chair stand and hand grip strength test) have been added to the latest update of the EHES Manual and some other international standardized protocols have been added to the EHES web site. It is important to develop the EHES Manual further by adding standardized protocols for other measurements frequently included in European HESs and covering key public health problems. Meanwhile, providing information about existing international standardized protocols, and listing measurements included in different surveys will help survey organizers to collaborate with each other and enhance the standardization of new measurements in the EU.
Network
The EHES Network [9] consists of people working on national and/or regional HESs or in organizations which might be responsible for organizing a national HESs in each EU Member State in the future. Currently, all EU Member States are represented in the network; links with national HESs outside EU, such as the National Health and Nutrition Survey (NHANES) in USA, have been established. This network is used to share information and experiences about HESs and related good practices and also to establish research collaborations between national HES organizers via the website and e-mail consultations. Seminars and conferences (face--to-face contacts) enhance exchange of information and build new innovations in collaboration between national HES organizers.
Professional support
Due to limited resources for the EHES Coordinating Centre, support to the national HES organizers has been mainly limited to e-mail consultations. Survey organizers have sought consultation on such issues as sampling, handling of biological samples, specific measurement protocols and questionnaires. Personal consultation visits either by EHES Coordinating Centre staff or other experienced national HES organizes during the planning of a national HES can be beneficial, since these give possibilities for wider discussions and sharing of problems and potential solutions.
Quality assurance
Standardized protocols alone do not guarantee high quality, comparable data collection. Therefore, quality assurance procedures such as a training programme and external quality assessment during the data collection are needed. The EHES Coordinating Centre has developed, and maintains, online training material for core measurements and for several topics related to planning a survey [12, 18] . During the EHES Pilot Project, training seminars to train the national trainers were also organized. There is a plan to establish a regular training programme to repeat such training seminars at regular intervals.
External quality assessment procedures [19] include site visits during the survey fieldwork to evaluate the adherence of the standardized protocols, a laboratory quality assessment scheme to evaluate the comparability of cholesterol and glucose measurements between laboratories, and retrospective assessment and documentation of achieved data quality and data collection methods used.
It was demonstrated during the EHES Pilot Project (2009-2012) that standardization of health measurements such as blood pressure between surveys is challenging but possible [20] , and that site visits are an important part of the quality assurance procedure [21] .
Data sharing and joint reporting
Analysis of standardized HES data, using common definition of indicators, offers possibilities for comparison between countries and benchmarking. The EHES Manual, Part C. European level collaboration [19] provides common definition for key indicators derived from the EHES core measurements and questionnaire module. Many of these indicators are based on the European Community Health Indicators [1, 2] .
For effective collaboration in the use of the data from the national HESs, it is important to be able to share individual level survey data easily with research groups in different countries. This facilitates evaluation and documentation of data quality, joint EU-level reporting of health indicators derived from HESs, and use of the data for research.
During the EHES Pilot Project, principles for data sharing and templates for data transfer agreements were drafted, and participating countries provided the EHES Coordinating Centre with a copy of their survey data in a standardized format. An alternativeapproach that could be considered is a distributed database. In a distributed database, the national data from each country would stay in a standardized format in a national server but authorized users could analyse the data from multiple sites as if all the data were virtually located in one central place. Further collaboration is required to find the best solution which fulfils all legal and ethical requirements related to sensitive data; complies with the EU Data Protection directive [22] 
Using the data collected during the EHES Pilot Project, it was possible to show large differences in blood pressure profiles between countries [23] and also differences in the extent of under-estimation of obesity, hypertension and high cholesterol by self-reported data [24] . Availability of national level data for similar analysis would enhance benchmarking between countries.
Needs and expectations of national HES organizers
Proposed supporting actions can be classified into six categories:
Guidelines and standardized protocols, Network of national HES experts, Professional support for planning and preparation of a national HES, Quality assurance, Joint reporting, and Experiences on how to use national HES results.
Almost all indicated that the availability of standardized protocols (93%), guidelines for organizing a national HES (87%), and common definitions of indicators (87%) were very useful. Email consultations on specific questions when planning and conducting a national HES were also graded as very useful by 79% of respondents. Training seminars and materials, personal consultations, and programme codes to calculate indicators were found very useful by over 60% of respondents. (Fig. 2.) 
Uses of HES data
Data from national HESs can and have been used widely for health monitoring; to identify public health problems; to develop health and prevention programmes; to support health policies and preparation of health-related legislation and regulations; to develop clinical treatment guidelines and population reference values; to prepare health-related tools and diagnostic methods; in training and research; and to increase health awareness among the population. Some examples from a few European countries have been collected from the EHES network members (Fig. 3) .
Health profiles
National HES data have been used to provide health profiles of the population and population sub-groups and to monitor change in them in the EU Member States. Usually, the health profiles are published on the web, e.g. the Dutch Nederland De Maat Genomen study [25] , EHES-survey in the Czech Republic [26] , CUORE-Project in Italy [27] and ORISCAV-LUX in Luxembourg [28] . Specific reports or publications have also been prepared in many countries such as Finland [29, 30] , Germany [31] , Greece [32] , the Czech Republic [33] [34] [35] [36] , the Netherlands [37] , Italy [38, 39] , Luxembourg [40, 41] and UK/England [42, 43] .
The health profiles can be used to identify key health problems in the population or in population sub-groups (e.g. by socio-economic status or ethnic background), in development and evaluation of health policy strategies and programmes and prevention programmes, to support health-related legislation and regulation decision making, in development of clinical treatment and prevention guidelines, and definition of population based reference values.
For example, in Finland and Luxembourg [44] , HES data has helped to recognize vitamin D deficiency and in Finland iodine deficiency as well in the population. In Finland this has led to recommendations for supplement use and to fortification of dairy products with vitamin D and salt with iodine. In the Czech Republic, Greece and Luxembourg, HES data have been used to identify risk factor burdens.
Development and evaluation of health policy programmes and strategies has strongly relied on information obtained from national HESs in many countries. For example in Finland and the UK [45] , National Obesity Programmes have been based on information about current obesity status from the national HES. Evaluation of these programmes has also relied on national HES data. In Greece, national HES data has been used to identify priorities for public health interventions and in Italy, the Ministry of Health had developed the 2017-2018 National Prevention Plan using the national HES data as background and baseline information. In 2009, the community programme of the Italian Ministry of Health called "Gaining Health: make healthy choices easy" signed an agreement with bread-maker associations to reduce salt by 15% in bread in 5 years. National HES data, including a 24-h urine collection, was used to measure salt intake in the diet. Similar data will be collected in the next HES (2018-2019) to measure the changes in salt consumption in the diet of the adult population [46] . In Luxembourg, the national campaign by the Ministry of Health to fight hypertension was promoted by publication of information on prevalence and awareness of hypertension [47] .
Decision-making on health-related policies, including setting up new legislation and regulations, requires strong evidence-based support. For example in Finland and the UK [48] , information about exposure to second-hand cigarette smoke obtained from national HESs was used to support smoking legislation and also to monitor the effects after the legislation was in force. HES data have also been used to evaluate the potential to reach goals set in the WHO Global Action Plan for Prevention and Monitoring on noncommunicable diseases [49] [50] [51] [52] . In Finland, HES data have been widely used as epidemiological background material when preparing national clinical guidelines for obesity, hypertension, dyslipidaemia, smoking cessation, chronic obstructive pulmonary disease (COPD), diabetes and memory disorders [53] .
HES data have also been used to identify population level reference values. In Luxembourg, the most suitable definition for the metabolic syndrome for the Europoid population living in Luxembourg was drawn from the ORISCAV-LUX study [54] . More examples of reference 
Health-related tools
In Finland, several risk scores and calculators (cardiovascular disease (CVD) risk [55] , diabetes risk [56] and dementia risk [57] ), later widely used also internationally, have also been developed based on HES data. Italy has also prepared national risk charts and scores based on national HES data [58] . The risk scores and calculators are also available on the internet for the general public and are widely used by clinicians in everyday patient consultations. Other potential examples of HES data use for clinical practice include on development of new diagnostic tests. One example is a genetic test for lactose intolerance, which is very common in Finland.
When new measurement tools are developed to be used in HESs or other population studies, they need to be validated. In Luxembourg, the HES was used to validate the Food Frequency Questionnaire (FFQ) among the Luxembourgish population [59] and a national dietary recommendation index has been developed to evaluate diet quality of the adult population [60] . In Greece, the HES was used to validate a digital tool photography atlas use as portion size measurements in dietary surveys [61] and to validate the dietary intake method used in the Greek national health and nutrition survey [62] .
Research
HES data is a rich source for scientific research. Availability of such data has opened possibilities for new national and international research initiatives such as the MORGAM Project [63] , CHANCES Project, NCD-Risk Factor Collaboration [64] , and the International Global Burden of Disease consortium [65] . National HESs have also served as a baseline for cohort and intervention studies such as diabetes and dementia prevention studies.
Fig. 3 Uses of HES data
Obviously, HES data together with collected and stored biological samples from participants form excellent bases of innovative epidemiological and public health research. National longitudinal studies with re-examination of the participants have also been developed in Finland [66] , the Czech Republic [67] , Germany [68] , Luxembourg [28] and the UK [69] . If there is a possibility to link survey data to administrative registers, cost-effective follow-up of cohorts can be developed based on the cross-sectional national HES. Such cohort and longitudinal studies will provide the opportunity to study trajectories of health and disability.
Training
HESs are also widely used for training. In Italy, a group of health professionals (cardiologist, nurses, etc.) were trained during the national HES to carry out health measurements in the general population in a standardized way. This has led to awareness of NCD risk factors and potentials for prevention through several community actions of health monitoring in regions. In many countries, HES data have been widely used for Masters and PhD studies as well as among post-doctoral fellows. For example in Finland, with over 40 years tradition of carrying our HESs, over 200 Masters and PhD thesis have been produced based on HES data.
Public health awareness
In many countries, during Hypertension Day, World Heart Day, Obesity Day, Diabetes Day etc. HES results are presented via different activities to increase awareness of risk factors and prevention among the general population. Collaboration with professional and patient organizations has also been beneficial both for survey planning, fieldwork organization and dissemination of the results.
Discussion
A HES can provide objective health information, free from reporting and awareness bias. Even though an increasing number of countries are carrying out national HESs, and repeating surveys periodically, about half of the EU Member States have not had a national HES in the past ten years. At the same time, several European countries have identified a need for HESs as a part of their national health monitoring system. The countries and the European Commission (EC) have also indicated the importance of comparability of the HES data between countries and over time. This initiated the EHES process of joint standardization of the national HESs. The required infrastructure was mostly set up during the EHES Pilot Project. Standardized survey protocols were developed, a training programme was prepared, a quality assessment system together with data management and reporting systems were established and possibilities for advice through consultations were built.
Regardless of the widely recognised need for cross-national standardization of national HESs, past and current actions have been based on temporary solutions through project-based funding. While it is mandatory for EU Member States to organize a national health interview survey (the EHIS), EHES does not have a similar legal status. Countries which have conducted a national HES have done that based on their national health monitoring and research needs. A final decision to conduct a national HES is often dependent on funding being available. This has put countries in very unequal positions in relation to availability of objective health information. Even though methods to conduct a standardized national HESs exist, final decisions rely on national policy makers. Do they see the need for objective health information on the general population at the national level, and are they willing to invest in that?
The challenge now, when the system has been set up and countries are strongly relying on it, is to develop EHES into a sustainable system. A sustainable EHES Coordinating Centre would support countries in conducting periodic HESs and would help when setting up national HESs in countries without past experience of these. If we let the system that has been set up run down, individual countries may not pay attention to standardization and comparability, preventing European level comparisons and benchmarking in the future.
Establishing a European Research Infrastructure Consortium (ERIC) on Health Information has been discussed. This could be one option to ensure sustainability of EHES activities, if the ERIC can be set up in the next few years and a large number of EU Member States are committed to it. Both at the national and European level, it should also be noted that a national HES can be conducted in connection with: a national health interview survey such as the European Health Interview Survey [3] ; dietary surveys proposed by EFSA [70] ; human biomonitoring surveys, such as ones proposed under the European Human Biomonitoring Initiative (HBM4EU) [71] ; or serve as bases for more specific studies such as communicable disease studies planned by the European Centre for Disease Prevention and Control (ECDC) [72] .
It has been also raised up occasionnally whether could the coordination of national HESs could be done by Eurostat or ECDC. HES is a survey, as is EHIS, and therefore in principle it could fit within Eurostat. Eurostat is the statistical authority with the legal mandate to collect information for European statistical purposes [73] . Their data collections are based on regulations; since national HESs do not currently have a legal basis in the EU, it is not possible for them to be coordinated by Eurostat. There is similar situation is with ECDC, whose mandate is related to communicable diseases by EU regulation [74] . Therefore, establishing the coordination of national HESs under Eurostat or ECDC would require new regulation which is currently not foreseen.
As demonstrated above with country examples of uses of HES data, the surveys have an important role in public health policy, practice, research and professional training. Many health professionals are using in their everyday practice, tools and tests developed based on HES data. Over the years, hundreds of public health professionals have obtained their qualifications using HES data in their Master and PhD thesis or during post-doctoral fellowships.
The research potential of HES data on public health and epidemiological research are wide, especially when some of the collected biological samples (blood, urine, DNA, etc.) are stored for future use in biobanks. They can help to identify new biomarkers and risk factors for existing public health problems but also identify new, potential public health problems and their risk factors. Stored biological samples provide material to investigate and develop new diagnostic methods and treatments.
The value of HES data for research has increased substantially by the possibility of linking HES data with administrative registers in many countries. A common example is the linkage of HES data with death registers (for mortality and causes), and increasingly also with hospital discharge registers, outpatient registers and drug prescription registers. Such record linkage enables establishing cohorts where the survey data provides a baseline and mortality and morbidity follow-up is conducted through data linkage. This is a cost-effective study design which usually has very good coverage. The possibility to link HES data and biobanks with administrative registers has made HES data a part of Big Data, which has a major potential for health information and research in future.
Conclusions
Data from national HESs is valuable for health monitoring, planning and evaluation of public health policies and prevention programmes, research, and professional training. It also helps to develop tools and practices used in health care. Therefore, an investment to a national HES will provide many fold profit for society, especially for public health.
